N ew contrast-enhancing lesions of the skull within a site of previous irradiation are a diagnostic challenge, with the differential diagnoses ranging from radiation-induced malignancy to osteoradionecrosis of the bone. 10, 12 Nonmalignant conditions associated with highdose radiation include radiation-induced fibrosis as well as infrequently reported cases of cranial fasciitis, a rare mesenchymal lesion predominantly observed in childhood. 13 The presentation of such lesions provides a diagnostic dilemma, with little differentiation between benign and malignant phenomena both clinically and on traditional imaging.
We describe a case of radiation-induced scarring and fibroblast proliferation presenting as a growing, welldemarcated, contrast-enhancing lesion of the frontal and parietal skull 3 years after high-dose radiation therapy for an initially misdiagnosed frontoparietal WHO Grade II ependymoma.
case report

History
A 60-year-old Tunisian woman presented to a local medical center in August 2012 with intermittent left-sided facial droop. Magnetic resonance imaging of the brain demonstrated an enhancing lesion in the right frontoparietal region with an associated cystic component. She underwent gross-total resection in November 2012. Her postoperative course was unremarkable, and the pathological diagnosis at the time was thought to be glioblastoma. Postoperative MRI in December 2012 showed contrast enhancement in the area of the resection cavity thought to represent residual disease. She received cranial radiotherapy for a total dose of 60 Gy over 30 fractions, then 6 cycles of maintenance temozolomide. Follow-up imaging performed a year after surgery in November 2013 showed that the area of enhancement had reduced in size, with full resolution of the cystic component.
She first presented to the National Institutes of Health in January 2014 for evaluation, and her original pathology was reevaluated, leading to a revised diagnosis of WHO Grade II ependymoma. Serial imaging performed over the next year demonstrated progressive improvement of the frontoparietal brain lesion. However, a new enhancing extraaxial lesion was noted in the right frontoparietal skull, first noted in September 2014 and found to be growing on serial imaging 6 months later (Fig. 1) . This lesion was within the previous radiation field but located just outside the previous craniotomy along the coronal suture. Evidence of bone erosion into the frontoparietal skull was present on bone window CT imaging. New lesions arising from within an area of previous irradiation often present a diagnostic dilemma, with new malignancy or metastasis of particular concern. The authors report a case of reactive fibroblast proliferation emerging from a previous radiation field and presenting as a growing lesion of the frontal and parietal skull. Following complete gross resection of the skull lesion and histopathological analysis, it was discovered that this lesion consisted of dense fibroblast proliferation with areas of osteonecrosis. This unusual reactive phenomenon offers a novel differential diagnosis for a new contrast-enhancing lesion in a region of previous radiation.
Operation
The patient underwent surgery using a navigational system to center the skin incision and craniectomy. The superior limb of the previous scalp incision was opened and extended anteriorly to allow retraction of the scalp superior to the previous craniotomy. The periosteum was preserved over the bone lesion, which was located just superior to the previous craniotomy and bisected by the coronal suture. The bone was burred circumferentially around the involved bone (Fig. 1) . The lesion was noted to be firmly adherent to dura mater; hence, the underlying dural attachment was excised with the lesion en bloc. The dura was closed with a patch of allogeneic pericardium. Titanium mesh was placed over the skull defect, and the scalp was closed in 2 layers.
Histopathological Findings
The skull specimen measured 2.5 × 0.8 × 1.8 cm. A 2.1 × 0.5 × 1.7-cm well-demarcated rubbery lesion was present, adjacent to bone and dura (Fig. 2) . Histopathological examination displayed fibroblastic proliferation with minimal to no atypia; areas of osteonecrosis and bone marrow fat necrosis were also present. Immunohistochemical analysis showed that the lesional cells were negative for epithelial membrane antigen (EMA), CD-34, and S100. The overall features were consistent with a reactive process. A diagnosis of reactive radiation-induced scarring was made.
discussion
This case highlights the challenges in determining the etiology of a suspected radiation-induced skull lesion. In this patient the differential diagnoses included metastasis of primary tumor, radiation-induced tumor (particularly meningioma, given the dural attachment noted at surgery), an infectious agent, or a radiation-induced reactive process (Table 1) . Given the relatively rapid growth and bone erosion, there was the possibility of malignancy leading to the need for tissue diagnosis. Given the extraaxial location, the benefits of resection compared with biopsy were felt to outweigh the risks. As described above, histopathological analysis demonstrated that the lesion was reactive in origin.
While radiation-induced fibrosis and scarring are wellreported entities in soft tissue, 8 we describe an unusual presentation of fibroblast proliferation and infiltration into the skull with osteonecrosis and fat necrosis of the bone marrow presenting as a discrete, growing skull lesion. Radiation is known to cause excessive fibrous tissue formation and the loss of normal cell physiology.
1 Radiationinduced fibrosis usually affects the soft tissues and is well characterized in the lungs, skin, and subcutaneous tissues. Lesions usually present as diffuse areas of fibrosis associated with significant degrees of inflammation. 7 The lesion presented here is thought to represent a unique manifestation of radiation-induced scarring. Rather than a diffuse fibrotic reaction of soft tissue, it displays a discrete proliferation of well-differentiated fibroblasts in bone. This is, to our knowledge, the first report of radiation-induced fibroblast proliferation presenting in the skull.
Microscopic evaluation of the entire lesion did not demonstrate features of a neoplastic process such as meningioma or involvement by the patient's known ependymoma. The lesion was present within the radiation field along the coronal suture, making the lesion likely to result from the high dose of radiation delivered to this region. The possibility that this scar-like lesion arose from the previous craniotomy scar was considered but is less likely as a small margin of normal bone between the lesion diagnosis of a growing radiation-induced skull lesion and the craniotomy line was observed during the operation. Serial MRI shows the lesion to be absent 17 months following radiation but present in the 21-and 28-month scans. This finding indicates that radiation-induced scarring can lie dormant for some time and sporadically become active again.
The differential diagnosis includes cranial fasciitis, a benign lesion seen to arise in the cranial region, which shares its pathological features with nodular fasciitis, with fibroblastic proliferation, mitotic bodies, and sarcomalike features.
11 It is a rare condition that largely presents in children following a variety of stimuli and at a median age at onset of 1 year (range 2 weeks-11 years), with only the sporadic case reported in adults.
11 A case series of 7 patients showed that nodular fasciitis of the head and neck presented most commonly with discrete, softtissue, contrast-enhancing lesions measuring 2.2 cm in diameter on average, showing distinct similarities to the case presented. 5 Other reported cases with dural involvement share characteristics with our case. 9 Cranial fasciitis is thought to occur after trauma, and cases have been reported following radiation therapy in children but not in adults. 13 Additionally, none of the previous reports display bone invasion as seen in the case presented here. 5, 9 Finally, the presence of bone marrow fat necrosis and osteonecrosis are not typical features associated with cranial fasciitis. In the case presented here, radiation resulted in necrosis of the overlying bone, proliferation of fibroblasts, and invasion of the fibroblasts into the radiation-softened bone. The rapid progressive growth of this lesion necessitated operative management; therefore, serial MRI was sufficient to make a management decision. However, in a slow-growing or static lesion presenting in a similar fashion, a preemptive diagnosis may be of assistance. Recent advances in imaging and the wide variety of modalities available offer opportunities in which to differentiate between benign and malignant lesions. Reports have shown that T2-weighted MRI, MR spectroscopy, and PET have shown success in differentiating between classic radiation fibrosis and tumor recurrence in soft tissues. 2, 3, 6 It is unknown if these techniques could be extended to bony lesions to differentiate radiation-induced scarring from tumor recurrence or radiation-induced tumor. 4 While PET or spectroscopy may be able to differentiate between a 
conclusions
The case presented here illustrates that imaging is often not definitive in diagnosing contrast-enhancing lesions of the skull presenting in an area exposed to radiation. This case demonstrates that fibroblastic, reactive proliferation following radiotherapy can be an indolent, sporadic process occurring more than 2 years following the completion of radiotherapy. Lesions in the skull following irradiation have a wide range of differential diagnoses, which are not always malignancies. Radiation-induced "scarring" and fibroblastic lesions should be considered as possibilities in patients presenting with contrast-enhancing lesions of the skull within a previous radiation field. The intraoperative images were kindly provided by the medical photography department at the NIH, Bethesda.
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